INTRODUCTION
In recent time, interest to fullerene solutions has considerably grown mainly due to their much promising medical and biological applications. Investigating any fullerene solution one encounters the problem of describing aggregate formation and growth. There exist a lot of experiments which show different aspects of this problem (for brief review see, e.g. [1] ). Current theoretical description restricts itself to chemical thermodynamics [2] or simplest phenomenological models [3] . In this work, we have made an attempt of presenting a stage-by-stage description of the kinetics of aggregate growth in fullerene solutions. For this purpose, kinetic equations of the nucleation theory [4] were used. The kinetics of cluster growth is considered on the base of two regimes: diffusion-limited aggregation (DLA) and kinetic-limited aggregation (KLA). Two simple models of aggregate evolution -the liquid drop model and the limited growth model for unsaturated and supersaturated solutions are discussed.
INITIAL EQUATIONS AND APPROXIMATIONS
Our aim is to obtain the evolution of the cluster size distribution function, f(n,t) with time. Function f(n,t) represents the bulk concentration of fullerene aggregates consisting of n monomers (further -«aggregate of size n») at the moment t. We suppose that fullerenes inside the aggregate are densely packed and aggregate form is quasispherical, independent of its size (the aggregation number n). It is also assumed that the formation and growth of aggregates is only possible by means of aggregation or emission of monomers. The assumption is based on the fact that for monomers the diffusion coefficient is considerably higher than that for aggregates.
Based on these assumptions, we may write the following equation [4] :
is the probability a monomer aggregation to a cluster of the size (n-1),
is the probability of monomer emission per unit of time. The initial and boundary conditions are determined by the initial concentration of free monomers, c 0 , in the solution:
Changes in the free energy of the system ∆G due to the formation of an n or (n-1) size cluster are determined by the monomer aggregation to monomer emission probability ratio:
The probability
depends on the kinetics of aggregate growth. As a rule, two regimes of growth are considered: diffusion-and kinetic-limited aggregation. In DLAregime, the time of monomer aggregation to the surface of the aggregate is negligibly small compared to the particle drift time towards the aggregate and
where D is the diffusion coefficient, c is the concentration of free monomers in solution at the given moment of time, w s is the excluded volume of the C 60 molecule.
In the case of KLA-regime, when the time of incorporation of a monomer to the aggregate is larger that the time of particle diffusion towards the aggregate surface, the following equation can be obtained:
where D' is the diffusion coefficient characterizing the aggregation rate of particles to the aggregate. Index m stands for the parameters of the aggregate.
In general, both processes of transport of the segregating particles to the aggregate as well as the rate of incorporation may be of importance for the rate of aggregate formation and growth. As the result, we obtain an intermediate regime (DLA+KLA), and the probability (1) we obtain the system of kinetic equations that describe the system considered. For more details, consider [4, 5] .
AGGREGATION REGIME
Before obtaining numerical solutions of kinetic equations for various parameters for different fullerene solutions, we must determine, which kind of aggregation regime properly describes our system -DLA, KLA or DLA+KLA regime. The main difference between these regimes is the time-scale of aggregation processes. On Fig.1 the evolution of mean aggregate size with time is present, for different regimes.
Various experiments on different fullerene solutions show that the time of aggregate formation and growth in these systems may be of the order of days, weeks and even months. From that point of view, DLA and DLA+KLA regimes must be used in order to obtain agreement with experiments. In this work, we choose DLA+KLA regime as a more adequate model to describe our system.
AGGREGATION MODELS
If the liquid drop model is used, the aggregate formation work takes the form: is metastable. The evolution of system goes in several stages, the final stage of the system is one large aggregate in equilibrium with monomers, dimers, etc. From Fig.1 it is seen that at a certain stage (stage of independent growth), the mean aggregate size in the solution remains constant. If this stage lasts a sufficiently long time, it may be the very size and concentration of aggregates that is observed in different experiments. For various fullerene solutions, the calculated [5] time length of the stage of independent growth (~10 -3 sec.) is too short in comparison with experimental time. Therefore, the liquid drop model cannot appropriately describe aggregate formation in fullerene solutions.
It is clear then, that the function ∆G(n) should be modified so that some finite size would become energetically beneficial. This, in particular, can be achieved with the help of an additional term of the type kn β in the equation for ∆G(n):
Such a modification and its comparison with ∆G(n) for the liquid drop model is qualitatively illustrated in Fig. 2 .
For this model, the unsaturated solution behaves similar to liquid drop model. In the case of metastable solutions (
), the behavior of the f(n,t') evolution changes qualitatively. Fig. 3 shows the evolution of <n> in supersaturated solution for the limited growth model. This behavior qualitatively explains observed aggregate growth in studied fullerene solutions [5] .
CONCLUSIONS
In the present work in the frame of nucleation theory the kinetics of fullerene behavior in solutions have been studied. It is shown that for kinetic study of the aggregation processes in the solution DLA+KLA model is more suitable. For description of cluster (aggregates) evolution two models -the liquid drop model and the model of limited growth -were used. As the result of the numerical solutions of kinetic equations the evolution of mean aggregate size <n> was obtained.
For supersaturated solutions, we show that liquid drop model is inappropriate for description of cluster state in fullerene solutions, while the limited growth model qualitatively describes observed kinetics of C 60 dissolution. However, the mechanism of stabilization of aggregate growth stays unclear and requires further investigations. 
